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Objectives

• Define contractures
• Discuss incidence of contractures following spinal cord injury
• Identify the various causes of contractures
• Discuss the secondary effects of contractures
• Describe the synergistic approach to contracture management



What is a contracture?

Adaptive shortening of soft tissue that prevents normal mobility or flexibility of a joint

• ROM limitation – unable to achieve normative values
• Soft tissue or bony restrictions
• All planes of motion are susceptible
• Potential for additional sequelae, complications, and co-morbidities
• Source of deformities and postural misalignment



Contractures - Severity

• Slight restriction to total arthrodesis (fusion)
• Amount of ROM restriction, age of contracture, joint end feel
• Progressive, worsening over time



Contractures – Incidence in SCI

Diong et al. findings

• At one year, 60-66% of participants had at least one contracture
• Paraplegia – 47% of participants
• Tetraplegia – 83% of participants
• Joints most affected were: ankles, wrists, and shoulders
• Unable to discriminate between contributing factors causing 

contractures



Factors contributing to contractures

• Muscle imbalance at a joint due to habitual activation of agonist muscle 
(spastic and voluntary) and impaired antagonist motor control (weakness 
or paralysis)

• Loss of muscle elasticity due to prolonged positioning and immobilization
• Heterotopic ossification
• Pain
• Trauma (Fx and soft tissue restriction)



Consequences of Contractures

• Interferes with mobility, gait, and transfers
• Interferes with self-care
• Increased risk of falls
• Pain
• Sleep disturbance
• Increased risk of skin breakdown
• Inability to tolerate splints
• Increased burden of care
• Deformities
• Decrease quality of life
• Poor postural alignment – sitting and standing



Goals of Contracture Management

Slow, stop, or reverse muscle contractures for:
• Improved posture/positioning
• Improved mobility and/or ambulation
• Increase independence or ease of assistance with self-care 
• Improve functional ability and increase independence
• Decrease risk of falls
• Decrease pain
• Improve sleep
• Improve therapy outcomes
• Decrease burden of care
• Improved cosmesis
• Improve quality of life



Assessments

• Patient’s history
• Functional assessment
• ASIA Impairment Scale – motor strength
• Goniometry – AROM/PROM
• Tone – Modified Ashworth Scale
• Spasticity – Modified Tardieu Scale
• Pain Scale
• Radiologic studies if necessary





0 No Increase in tone

1 Slight increase in tone. Catch/Release at end ROM

1+ Slight increase in tone. Catch/Release and resistance 
throughout the remainder (less than half) of the ROM

2 More marked increase in tone throughout ROM, but 
affected part moved easily

3 Considerable increase in tone, passive movements difficult

4 Affected part rigid in flexion or extension

Modified Ashworth Scale





Therapy Interventions

• PREVENTION! PREVENTION! PREVENTION!
• Positioning to prevent or correct deformities
• AROM/PROM to regain and maintain joint 

mobility
• Exercise for muscle activation and 

strengthening
• Neuromuscular reeducation to restore normal 

movement patterns
• NMES as an adjunct for promoting increased 

ROM and strength
• Modalities to assist with tissue extensibility or 

pain management
• Educating and training the patient and 

caregivers



Managing Immobility

• Stretch
• Daily stretching routine should be initiated as early as possible to prevent 

further joint immobility/tissue shortening. 
• Stretches should be performed slowly and gently, and held for a prolonged 

time
• Positioning

• Resting position of the joint is typically in a position that opposes or 
minimizes flexion

• Supine vs. Prone
• Splinting/Casting

• Prevention of joint deformity
• Provide prolonged stretch to the muscle/joint

• Education 
• Teach pt and caregiver how to perform stretches and positioning







Upper Extremity Orthoses



Helpful Contractures



Upper Extremity Orthoses



Lower Extremity Orthoses



Lower Extremity Orthoses



Serial Casting



Maintaining ROM

• Passive, active-assisted, or active ROM
• Daily stretching routine
• May incorporate heat for added benefit 

during stretching
• Teach patient how to effectively use gravity 

to assist with achieving full ROM
• Educating pt and caregivers
• Schedule time outside of therapy for 

stretching with patient care technicians



Managing Muscle Imbalances

• AROM exercises to promote increased strength for weak innervated muscles
• AAROM with use of MAS, arm skates, leg skates, UE and LE ergometers
• NMES as an adjunct to exercise to evoke muscle activation



“Increased muscle tone as a result of spasticity may 

result in loss of joint motion, leading to 

contractures. Prevention of contractures by joint 

mobilization is emphasized as a goal in the 

management of patients with spasticity.”

~MJ Botte et al.



Spasticity

• Abnormal involuntary muscle activation that is sustained or 
intermittent and associated with a CNS pathology (SCI)

• Other characteristics: increased tone, clonus, spasms, spastic co-
contractions

• Can be categorized as:
“Good” “Bad”
Postural control Postural malalignment
Stance stability Interferes with hygiene
Venous return Pain



Spasticity

Interferes with:
• QOL
• Interferes with functional ability
• Comfort (pain)

Factors that can aggravate spasticity
• Constipation, Bladder retention - Visceral
• UTI - Infection
• Pressure injuries - Noxious stimuli
• Triggers

Treatment focus
• Targeting spastic muscles that impede function, QOL, or 

comfort



How do we manage spasticity for prevention of contractures?

A synergistic approach:

• Therapy
• ROM, PROM/AROM/CPM
• NMES
• Splinting/Casting

• Medical Management
• Oral Medication
• Chemodenervation
• Motor Point Blocks
• ITB pump
• Surgery



Pharmacological Management of Spasticity

• Gaba Agonists - inhibitory neurotransmitter 
• Baclofen – side effects may include sedation, drowsiness, ataxia, respiratory and 

cardiovascular depression 
• Diazepam – side effects may include sedation, drowsiness, memory and attention 

impairments

• Alpha Agonists 
• Clonidine – side effects may include hypotension, bradycardia, sedation, and 

dizziness
• Tizanidine – liver function tests should be administered due to the risk of 

hepatotoxicity

• Calcium Antagonists
• Dantrolene – acts peripherally on muscle fibers and may also weaken muscles with 

voluntary control; may also cause mild liver enzyme elevations



Management of Spasticity with Intrathecal Baclofen



Management of Spasticity with Chemodenervation

• Botulinum Toxin Injection
• Localized treatment injected intramuscularly into specific muscles
• Effects last approximately 3 months

• Phenol Neurolysis
• Injection to induce axon demyelination and destruction
• Must be injected into pure motor nerve branches as it can cause dysesthesia to sensory nerves
• Effects last approximately 4-12 months



Surgical Management for Reduction of Spasticity

• Selective Dorsal Rhizotomy –
• Severing of the nerve fibers that contribute to spasticity
• One-time procedure
• Results are permanent



Surgical Management of Contractures

• Surgical intervention may be warranted if the reduced ROM is-
• Impeding care and hygiene
• Interfering with mobility or wheelchair positioning 
• Causing skin breakdown
• Causing intolerable pain
• Conservative methods have failed

• Types of surgeries-
• Surgical release of affected muscles
• Tenotomy
• Tendon lengthening
• Joint capsule release
• Removal of heterotopic bone



Heterotopic Ossification - Neurogenic

• Lamellar bone formation

• Soft tissues surrounding peripheral joints

• SCI incidence: 
• 10-53%, incidental radiographic findings to ankylosis
• 20-30% has significant ROM reduction
• 3-8% ankylosis
• Below the level of the injury
• Incidence in descending order (Hip, knee, elbow, shoulder, hand)



Heterotopic Ossification -
Neurogenic

Clinical findings:
• Reduction in ROM
• Peri-articular swelling
• Pain in the presence of sensory sparing

• A.D. in neurological levels of T6 and above
• Joint erythema and warmth
• Low grade fevers
• Increased spasticity



Heterotopic Ossification - Treatment

• ROM

• NSAIDs – Indomethacin

• Surgical resection of the matured HO

• To improve ROM, sitting, standing, wound risk, and spasms

• 20-60% significant HO recurrence rate



Conclusion

• Living with contractures can greatly impact one’s 
quality of life.

• Management of contractures requires coordinated 
care from the entire rehabilitation team, including 
the patient, caregivers, and medical professionals.

• The best management of contractures is prevention!



Questions?



References

1. Billington Z, Henke A, Gater D. Spasticity management after spinal cord injury: The here and now. J. Pers. Med. 2022; 12(808): 1-12.
2. Botte MJ, Nickel VL, Akeson WH. Spasticity and contracture. Physiologic aspects of formation. Clin Orthop Relat Res. 1988 Aug;(233):7-18. 
PMID: 3042237.
3. Diong J, Harvey LA, Kwah LK, Eyles J, Ling MJ, Ben M, et al. Incidence and predictors of contracture after spinal cord injury – a prospective 
cohort study. Spinal Cord 2012; 50(8): 579-84.
4. Frye SK, Geigle PR, York HS, Sweatman WM. Functional passive range of motion of individuals with chronic cervical spinal cord injury. J Spinal 
Cord Med. 2020 Mar; 43(2):257-263.
5.Gohritz A, Friden J. Management of spinal cord injury – Induced upper extremity spasticity. Hand Clin 2018; 34: 555 -565.
6. Hardwick D, Bryden A, Kubec, G, Kilgore K. Factors associated with upper extremity contractures after cervical spinal cord injury: A pilot study. 
The Journal Of Spinal Cord Medicine 2018; 41(3): 337-346.
7. Harvey LA, Glinsky J, Katalinic O, Ben M. Contracture management for people with spinal cord injuries. NeuroRehabilitation 2011; 28: 17-20.
8. Harvey LA, Herbert RD. Muscle stretching for treatment and prevention of contracture in people with spinal cord injury. Spinal Cord. 2002 Jan; 
40:1-9.
9. Rusek W, Adamczyk M, Baran, Leszczak J, Inglot, G, Pop T. Serial casting as a method of restoring normal ranges of lower limb movement in 
patient after damage to the central nervous system: a case report. J Clin Case Rep. 2020;10(3):1-5.
10. Savoie III, MD FH, Field, MD LD, Steinmamm, MD SP, (2015). “Early Arthroscopic Management of Heterotopic Ossification of the Elbow” in 
The Elbow and Wrist: AANA Advanced Arthroscopic Surgical Techniques, edited by Slack Incorporated, (pp. 251-256).
11. Skalsky A, McDonald, C. Prevention and management of limb contractures in neuromuscular diseases. Phys Med Rehabil Clin N Am. 2012 Aug; 
23(3):675-87.
12. Sullivan MP, Torres SJ, Mehta S, Ahn J. Heterotopic ossification after central nervous system trauma: A current review. Bone Joint Res. 2013 
Mar 1;2(3):51-7. doi: 10.1302/2046-3758.23.2000152. PMID: 23610702; PMCID: PMC3626201.
13. Vanden Bossche L, Vanderstraeten G. Heterotopic ossification: A review. J Rehabil Med 2005: 37: 129-136.




